In a joint USAF-NASA Program, Lewis Research Center is carrying out an efficiency improvement program on TWTs for use in ECMs by applying multistage depressed collector (MDC) and spent beam refocusing techniques developed at Lewis. In the analytic part of the effort, 3-D electron trajectories are used throughout the 10-18% (electronic) efficient, 4.8-9.6GHz bandwidth, 400-600 W CW TWT, the spent beam refocuser and the depressed collector. Collector efficiency, collector losses and overall efficiency are identified and computed. On the experimental side, tube performance is evaluated first without the MDC, then the spent beam is analyzed for symmetry, circularity and the velocity spread. Finally, the MDC is attached and its performance optimized and evaluated. Theory predicts a MCC-efficiency of 84% for a 4 stage, 3"x2" size MDC which can be achieved with symmetric and circular keams.
ABSTRACT
In a joint USAF-NASA Program, Lewis Research Center is carrying out an efficiency improvement program on TWTs for use in ECMs by applying multistage depressed collector (MDC) and spent beam refocusing techniques developed at Lewis. In the analytic part of the effort, 3-D electron trajectories are used throughout the 10-18% (electronic) efficient, 4.8-9.6GHz bandwidth, 400-600 W CW TWT, the spent beam refocuser and the depressed collector. Collector efficiency, collector losses and overall efficiency are identified and computed. On the experimental side, tube performance is evaluated first without the MDC, then the spent beam is analyzed for symmetry, circularity and the velocity spread. Finally, the MDC is attached and its performance optimized and evaluated. Theory predicts a MCC-efficiency of 84% for a 4 stage, 3"x2" size MDC which can be achieved with symmetric and circular keams.
DESIGN CRITERIA FOR THE MDC
It can be shown that in all axisymmetric, magnetic field free MDCs highest efficiencies are obtained only when the collector size and lengths of all trajectories are larRe conpared to beam size (point source), (1). This is so because an electrostatic MDC must convert a small part of the injection energy into radial deflection to accomplish sorting into energy classes (sorting efficiency). Figure 1 shows a sample of actually computed electron trajectories plus one test electron. The latter was injected with an (represenfative) angle of + 3 O and a total kinetic energy of t0.5. P.t the apex it approaches an equipotential line at -0.465; thus, it could be, in principle, collected with 37% efficiency. If more deflection is applied, the beam spreads farther away from axis, electron penetration is less deep and the sorting efficiency lower. It turns out that the best aperture size is the smallest opening through-which almost all trajectories can penetrate. Thus, this size is determined by the largest angular velocity compor,ents in the beam which, in turn, depends on the quality of refocusing, ( 2 ) ( 3 ) . It has been shown, (31, that the RMS value of the radial velocity spread can be reduced by a factor of 2 to 3 when an optimum expansion in the refocuser is applied. Simultaneously, the space charge is diluted such as to become unimportant in the collector region.
ANALYSIS OF COLLECTOR INEFFICIENCY
Direct 3-D computation o f actual electron trajectorles perm-its a determination of collector inefficiency as well as sources thereof. Figure 2 identifies six sources. The first f o u r are due to losses caused by the collector only when it operates on a symmetric, circular beam. When the beam is asymmetric and/or noncircular, the optimum design of Fig. 1 must be compromised by creating larger apertures ar.d changing the location of electrodes, resulting in sn~aller than optimum collector efficiency, the loss depending on the degree of asymetry and noncircularity. In "Nonideal Tubes" all effects are summed up which cause a deviation of computer trajectories from the actual ones, e.g., incorrect beam radius, cocked guns, internel reflections, deviations in the ppm-stock, etc.
EXPERIMENTAL
Experimental evaluations include: RF and thermal power and l o s s measurements on the tube with an undepressed collector; Calorimetric and electric spent beam tests; and tests with MDC attached. Currents, voltages and thermal power dissipation are determined on each MDC-electrode in vacuum better than 2x1o-y torr. Optimization of MDC-performance is accomplished by: changing the refocusing field, the depth of the spike and the potentials of the electrodes. Changes in aperture sizes and electrode distribution are made by closing a special UHV-valve, removing the tested KDC, and replacing it with a modified version.
CONCLUSIONS Analytical and experimental results
show that the predicted efficiencies of 84% for 4 stage MDC can be achieved with symmetric and circular beams. Much attention in tube quality control must be paid toward this goal.
